and Apennines (n =10). The aims of this study were to determine the compositional 32 variability of noble gases and halogens in serpentinites entering subduction zones and 33 evaluate the efficiency of gas loss during the early stages of serpentinite subduction.
34
The chrysotile-lizardite serpentinites and serpentised peridotites contain 43 to 2300 subduction cycle has not been investigated previously (see Fig 1) .
118
The aim of the current study is to provide the first isotopic compositional data for Ti-foil getter was cooled over a second 20 minutes and final gas purification was 221 accomplished using SAES getter pumps in a third 20 minute period.
222
The purified noble gases were analysed for Ar, Kr and Xe isotopes in peak jumping 223 mode using the MAP-215 noble gas mass spectrometer at the University of Melbourne.
224
Corrections were made for small machine blanks (e.g. <1% of sample gas; electronic 
Helium and neon isotope analysis

232
Six seafloor serpentinites (non-irradiated) were analysed for He, Ne and Ar isotopes using the 233 VG5400 noble gas mass spectrometer at the Australian National University. 
Results
250
The comprehensive dataset obtained for individual heating steps of the 27 chrysotile-lizardite Tables 1 and 2 (Fig 3) .
263
For the majority of samples analysed with only 300 and 1500 °C heating steps, the 300 °C 264 step released 2 % to 46% of the total 38 Ar Cl , and 17 % to 92% of the total 36 Ar in the sample 265 (Fig 3) . In most cases, the proportion of irradiation-produced 80 concentrations in the least-altered samples (Fig 4a) . (Fig 5a) , that appears curved in log-log space (Fig Forearc serpentinites are enriched in I/Cl relative to sedimentary marine pore fluids (Fig 5) .
315
The maximum I/Cl ratio of 5.8×10 -2 is 14,000 times the seawater value and corresponds with 316 an iodine concentration 45 ppm ( produced by serpentinisation (e.g. Bach and Früh-Green, 2010).
396
The majority of the serpentinised peridotites from ophiolites, and the Guatemalan would be produced by preferentially trapping seawater-derived halogens on the order
403
I>Br>Cl in these samples and not in the mid-ocean ridge serpentinites (Fig 5) . Furthermore,
404
the strong I-enrichment of these samples would be difficult to generate from seawater which 405 contains very little iodine ( 
Halogens in tectonic reconstructions?
428 Based on the current data and interpreted mechanisms for halogen incorporation in 429 serpentinite (section 4.1), it seems plausible that halogen abundance ratios can be used to 430 make useful inferences about the tectonic setting of serpentinisation.
431
Serpentinites that form at spreading centres without sediment are likely to have low
432
(MORB-like) I/Cl ratios (Fig 5b) . Serpentinites that form from sedimentary marine pore Fig 5b) .
439
The serpentinised peridotites from all of the ophiolites investigated have higher than
440
MORB I/Cl ratios, and Br/Cl similar to sedimentary marine pore fluids (Fig 5b) , suggesting 441 serpentinisation did not occur exclusively within sediment-starved mid-ocean ridge settings.
442
The very strong I/Cl enrichment of samples from the External Ligurides (Monte Nero), is 443 similar to the Guatemala and Marianas Forearc serpentinites (Fig 5b) . The External Liguride 
Incorporating noble gases into serpentinites
452
Serpentinites have highly variable noble gas concentrations that partly reflect the degree of 453 serpentinisation (Fig 4) , and define a broad trend of decreasing concentration with increasing 454 metamorphic grade (Fig 6a) . This systematic behaviour suggests that measured 36 ) is partly related to the degree of alteration (Fig 4ab) , but is also consistent with noble 473 gases having an enhanced solubility in Cl-rich serpentine.
474
The variation in noble gas abundance ratios (Fig 6b) is expected given the complex 
Preserving halogens and noble gases during subduction
488
Noble gases trapped interstitially or in defect structures within serpentine, could 489 potentially be lost during subduction as a result of diffusion, independently of mineral 490 transformations in the serpentine system (Fig 1) . However, noble gas loss will only occur by 
514
The cycle could repeat itself multiple times with the most incompatible volatiles being antigorite-serpentinites formed from very iodine-rich chrysotile-serpentinites (cf. Fig 5) .
523
Together with the stability of antigorite to depths exceeding 200 km (Ulmer and Tromsdorff, 524 1995), the strong I and Br enrichment of serpentinites (Fig 5) , suggest that serpentinites may 525 represent the dominant pathway for deep Br and I subduction (Snyder et al., 2005 
